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Abstract 
 
The work presents microstructures of the remelted zone of HS 6-5-2 high-speed steel. Zones of this kind can be created as a result of 
treating the material with a CO2 laser beam. The laser processing parameters have been chosen in such a way that the surface layer of steel 
remelted. The microstructures’ images were taken using a scanning microscope. The tests focused on both the directional and volumetric 
crystallization structures. They imply that – depending on the crystallization conditions – in the remelted zone cells, dendritic cells or 
dendrites may be formed. 
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1. Introduction 
 
The HS 6-5-2 high-speed steel has been used in tools, high 
levels of hardness and abrasion resistance while retaining high 
ductility. Drills, threading dies, pull broaches, mills, reamers, 
circular saw blades etc can all be made of it. 
One of strengthening methods, applicable to steels like this, 
consists in surface layer remelting with a laser beam. Thanks to 
the inherent to the process, high cooling speed of molten material, 
the resulted remelted zone has great structure refinement [1]. 
This article is dealing with microstructures, formed  in the 
surface layer of steel in dependence from the crystallization 
conditions. It provides images of microstructures, generated as 
a result of directional or volumetric crystallization. 
Also included are images of microstructures, arisen in the 
remelted zone due to the local enrichment of the crystallizing melt 
with carbon from the absorption coating – the colloidal graphite 
solution, serving to increase the laser beam absorption coefficient. 
 
2. Material and methodology 
 
The testing material was HS 6-5-2 high-speed steel. Surface layer 
of steel was treated with a CO2  laser beam. The laser’s working 
parameters were specifically adjusted so that the surface layer of steel 
remelted. The SEM metallography was conducted on the Tesla BS-340 
microscope. 
 
 
3. Results 
 
The HS 6-5-2 high-speed steel belongs to the ledeburitic 
steels group. This means that –  right after casting –  eutectic 
(austenite and carbides mixture) is present in the inter-crystalline 
space, changing into the austenite transformation products 
mixture as well as carbides in room temperature. The eutectic-
forming carbides this: M6C, MC, M2C, M7C3
 [2]. 
As a result of exposing the surface layer of HS 6-5-2 steel to 
a CO2 laser beam, remelted zone is formed. Structure of remelted 
zone - depending on the crystallization conditions - may consist of 
cells, dendritic cells or dendrites. Inside the cells, plate martensite 
and residual austenite can be found (Figure 1b, 2c), with eutectic 
filling the inter-crystalline space (Figure 1a, 1b, 1d, 2b, 2c, 2e). 
The crystallization of the fluid molten pool, created by the 
laser beam operating on the metal surface, starts on partially 
remelted former austenite grains (Figure 1.d). Initially, in the 
result of cellular growth, new cells are forming; subsequently - 
due to cellular-dendritic growth -  dendritic cells start forming 
(Figure 1.a).  
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This is directional crystallization case (constrained growth). Such 
a process continues as long as the surfusion area before the 
crystallization front is limited enough to prevent new crystal 
nucleus formation in the melt. However, along with the distance 
from the fluid molten pool’s bottom, lower temperature gradient 
causes the surfusion area to enlarge, leading to volumetric 
crystallization advent. Nucleation takes over in random locations 
of the overcooled liquid and the crystallization front is no longer 
continuous. In effect, nonfaceted dendrites prevail as the outcome 
of volumetric crystallization in the remelted zone of the HS 6-5-2 
high-speed steel (Figure 2e). 
In the remelted zone of high-speed steel, the size of eutectic-
surrounded crystals (cells, dendritic cells and dendrites) depends 
on the crystallization process conditions, and – for a given steel 
grade - is strongly related to the crystallization speed.  
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Microphotographs of HS 6-5-2 steel. Directional crystallization: a) eutectic-surrounded cells and dendritic cells in the remelted 
zone, b) eutectic on the dendritic cells boundaries, plate martensite and residual austenite inside dendritic cells, c) remelted zone, achieved 
by CO2 laser beam operation, d) cells crystallizing on former austenite grains; upper right – dendritic cells, e) core steel material; visible 
are former austenite grains with plate martensite and residual austenite inside, and carbides inside the grains and on their boundaries
a) 
c) 
b) 
d)  e)  
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Fig. 2. Microphotographs of HS 6-5-2 steel. Directional and volumetric crystallization: a) remelted zone, achieved by CO2 laser beam 
operation, b) upper visible remelted zone, c) plate martensite and residual austenite inside dendritic cells, surrounded with eutectic,  
d) upper visible, volumetric crystallization-originated dendrites, e) nonfaceted dendrite surrounded with eutectic 
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Fig. 3. Locally emerged microstructure as a result of eutectic and hypereutectic liquid crystallization: a) remelted zone, achieved by CO2 
laser beam operation, b) upper-right – alloy cementite plates against the eutectic, bottom left - eutectic, c) eutectic, d) alloy cementite 
plates against eutectic 
 
 
Quite often, in order to increase the beam absorption 
coefficient, colloidal graphite solution is applied on the laser-
treated surface. Sometimes it may lead to the local carbon 
enrichment of the liquid in the remelted zone, which can reach 
eutectic or hypereutectic composition and cause eutectic, or alloy 
cementite plates on the background eutectic, to appear in the 
crystallized structure (Figure 3) -  which, in the final effect, 
influences the steel’s surface layer usable properties. 
 
4. Conclusions  
 
Depending on the crystallization conditions in the remelted 
zone of the HS 6-5-2 high-speed steel -  cells, dendritic cells or 
nonfaceted dendrites may be obtained. 
When applying chemical absorption coatings on the surface of 
steel during its laser treatment, it is important to bear in mind their 
potential to locally affect the structure, thus influencing the 
resulting properties of the treated surface layer of steel. 
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